The reactions of bismuth(Ill) nitrate pentahydrate and bismuth(Ill) chloride with heterocyclic thiosemicarbazones and derivatives of dithiocarbazonic acid methylester were used to synthesize the respective bismuth(Ill) complexes, which could be divided into five groups D-H because of their stoichiometrical properties and their molecular structures. The molecular structure and the near coordination sphere of the bismuth(Ill) central atom of four representative compounds were determined by single-crystal X-ray studies. bound to the central atom through the N(3) atom and the sulfur atom of the thioketo group. The structure of 18 is completely different from the structures of the bismuth(Ill) complexes discussed so far and was therefore assigned to group H. The bismuth central atom is coordinated with two ligands, which are bound in different ways. One of them is deprotonated. This ligand is bound to the central atom via the sulfur atom S(3) of the thiolate group and the N(5) atom. An interaction between the sulfur atom of the thiophene ring and the bismuth atom is not possible.
INTRODUCTION
The stomach bacterium Helicobacter pylori (H. pylorl}, which was discovered as late as 1983 , is a pathogenic factor in the etiology of chronic gastritis and peptic ulcer.
1 Today, bismuth complexes such as colloidal bismuth citrate (CBS), of which the X-ray crystal structure is known, are used more frequently in the treatment of these diseases. 67 In the course of our research into the development of new compounds with better antibacterial activity we found that thiosemicarbazones would be suited for our intentions. Thiosemicarbazones have been known as potential antiviral and antitumor agents since 1950. The first investigations with thiosemicarbazones were carried out by Domagk, who observed considerable activity against streptococcus. Various thiosemicarbazones have been shown to possess an increased activity against influenza viruses, against a high number of protozoa, plasmodium berghei in mice and also against some types of tumor. 611 Coordination of some thiosemicarbazones with transition metal ions such as copper(ll), nickel(ll) etc. often increases their biological activities.
2
Thiosemicarbazones coordinate as multidentate ligands both to transition metals and nontransition metals. Such complexes could be synthesized with, for example, iron, cobalt, nickel, copper, silicon and lead as central atoms. 31 The first bismuth(Ill) complex with a thiosemicarbazone derivative as ligand was published in 1992. TM We now wish to report syntheses and single-crystal studies of bismuth(Ill) compounds with several thiosemicarbazones and dithiocarbazonic acid methylesters. Some complexes have also been tested for antibacterial activity against strains of H. pylori. Details of the syntheses, crystal structures, and tests of antibacterial activity will be presented herein.
MATERIALS AND METHODS
The solvents were purified according to standard procedures. 7 The deuterated solvents were purchased from Aldrich or Fluka and dried over 4 molecular sieves. Infrared spectra were obtained on a BRUKER IFS 66 instrument with samples prepared as KBr pellets. H NMR-and 13C NMR spectra were recorded on a BRUKER AC spectrometer operating at 200 MHz. Mass spectra were recorded on a FINNIGAN MAT. 8230 . Molar conductivities were determined with a WTW LF 191 conductometer operating with a Pt-electrode LS1/T-1.5. Elemental analyses were carried out in our own laboratories. The bismuth content of the compounds was de- termined by means of an ICP Plasma 400 from PERKIN ELMER. The 20C) : 168.5 (1-C), 149.9 (4-C), 135.8 (6-C), 132.5 (7-C), 132.3 (9-C), 126.6 (8-C), 52.5 (12-C), 27.4 (13-C), 26.2 (5-C), 23.5 (14-C). IR (KBr, (17)
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Scheme 2. Thioketo-enol tautomerism and complexation possibilities of thiosemicarbazones containing a pyridine heterocycle Iol. 2, No. 5, 1995 Synthesis Characterization andMolecular Structures
The ligands are bound, as tridentate ligands, to the central atom through the nitrogen atom of the pyridine ring, the nitrogen atom of the C N double bond and the sulfur atom of the thiolate group. The non-bound thiosemicarbazone and dithiocarbazonic acid methylester derivatives can have different stereoisomeric forms (e.g. cis-trans-isomerism with respect to the C =N double bond). Therefore, the 1H NMR spectra of the free ligands show several signals for the same proton. In the 1H NMR spectra of the bismuth(Ill) complexes of type D there is, in each case, exactly one signal for the aromatic and magnetically equivalent protons; i.e., the bound ligand has exactly the stereoisomeric form that has been mentioned above. For the four protons of the pyridine ring H-7 and H-10, two doublets are observed and for H-8 and H-9 one doublet in the range between 7.5 and 9.0 ppm. The pyridine nitrogen binds through the free electron pair. The decreased electron density in the ring system effects a deshielding of the protons and thus a shift to low field by 0.1 0.4 ppm. This downfield shift can be observed in the complexes of group D and F.
The structure of compound 5, a typical representative of the complex group D, can be described as follows. Two deprotonated molecules of 1 g are configurated to the bismuth(Ill) cation as tridentate ligands. Except for the hexamethyleneimine ring, the ligand lies on the same plane. The bismuth atom is seven coordinated, as shown in Figure 1 . The best description appears to be that of a distorted trigonal dodecahedron with one position occupied by the lone pair of the bismuth atom. Due to this, the Bi(1)-S(2) bond distance near to this electron pair is somewhat longer than the Bi(1)-S(1) bond distance. All of the calculated Bi-N distances differ from each other, the distances between the central bismuth atom and the Natom of the pyridine rings (N(1), N(5)) are longer than the distances between Bi(1) and the C=N bounded N(2) and N(6). The bonding distance between Bi(1) and O (13) Compound 9 is assigned to complex type E, its structure is given in Figure 2 . Here, two molecules of 1 k, deprotonated in positions N(4) and N(6), are coordinated to the bismuth(Ill) central atom as bidentate ligands. The complex bonds are formed by the sulfur atoms of the thiolate groups S(3) and S(4) and by the nitrogen atoms N(4) and N(6). With the exception of the hexamethyleneimino ring, the whole ligand lies within a single plane. The structure of the complex can best be described as a distorted trigonal antiprism, while the central atom is fivecoordinated. The two triangular faces are formed by the atoms S(4), N(6) , O(1 1) and S(3), N(4) and the lone pair of the central atom. The two chelate rings are almost perpendicular to each other. The Bi(1)-O(11) distance of 289 pm is considered to be an intermolecular interaction, as mentioned before in compound 5. The methanol molecules required for crystal formation can be found in the gaps of the crystal lattice. In the FD mass spectrum, a peak is obtained at m/z 769 for the fragment [(Lig)2Bi+]. This is determined by deducting the mass for the methanol molecule and a nitrate ion from the molar peak. Figure 3 , can be described as two six-coordinated bismuth atoms, which are bound together via two bridging chlorine atoms. (1) is an indication of the bridging function of the C1(2) atom. The Bi(1)-Cl(2a) distance was determined as 316.2 pm. This is a relatively great bond length for a Bi-CI bond but can be considered as a covalent bond. [Scm2mol1] and are therefore assigned to the neutral complexes. On analysis of the reaction product of ligand 1 k and bismuth(Ill) chloride, we were surprised to obtain a complex of a fifth group H, the structure of which differs from the other four groups in several ways. The structure of 18 is completely different from the structures of the bismuth(Ill) complexes discussed so far. The bismuth central atom is coordinated with two ligands of 1 k, which are bound in different ways. One of the two ligand molecules is deprotonated. This ligand is bound to the central atom via the sulfur atom S(3) of the thiolate group and the N(5) atom. The thiophene ring is cis-configurated with regard to the N(5)=C(15) bond, with the result that an interaction of S(4) with Bi(1) is not possible. The second molecule of 1 k is not deprotonated. This ligand is bound to the bismuth(Ill) cation merely via the sulfur atom S(1) of the thioketo group. The value for the distance between Bi(1) and S(1) of 299.2 pm corresponds to an intermolecular interaction and not to a covalent bond. The best description of the coordination sphere of the bismuth atom is that of a distorted square bipyramidal polyhedron. The square face is formed by the atoms S(3), N(5), C1(1), the lone pair and the bismuth atom within. The axial positions are occupied by the atoms S(1) and C1(2). The bond angle between S(1), Bi(1) and C1(2) differs by about eight degrees from the value determined for a regular square bipyramidal polyhedron of 180 degrees. In the H NMR spectrum, a singulet can be observed at 9.42 ppm, which is caused by the proton of the N (2) There seems to be a relationship between the molecular structure of bismuth(Ill) compounds, their solubility and their biological activity against H. pylori bacteria. In our in vitro experiments, the dimeric bichlorobridged complexes are less soluble and less active than the monomeric species, obtained by reaction of bismuth(Ill) nitrate and the same thiosemicarbazone that was used to synthesize the dimeric compound. It would be interesting if these tendencies could be observed in studies at gastrointestinal pH values. Therefore further experiments concerning the stability of the new compounds at 37 C and pH (stomach, mucosa) 
